Introduction
The effects of schools competition on students achievement represent a relevant topic in the educational literature. However, they have been mainly analyzed in the US where school choice may take several forms such as vouchers, charter and magnet schools (Hoxby, 2000 (Hoxby, , 2003 Rouse, 1998; Witte, 1999; Epple and Romano, 1998; Goldhaber et al., 1999; Belfield and Levin, 2002) .
Specifically, a voucher is a publicly funded coupon that can be targeted at particular groups, for example, poor families or families of children at poorly performing schools. Students take the voucher to the chosen schools (which may be a public or private school) that receive a revenue equal to the amount of the voucher (Hoxby, 2003a) .
Like vouchers, charter and magnet schools represent a subsidized alternative to traditional public schools requiring an examination process or a lottery system in selecting students who apply to them. These types of schools, surviving through their ability to attract sufficient numbers of students, can offer true competition to the regular public schools, because they can draw students away from poorly performing regular publics.
A large amount of the evidence on the effects of school choice and competition on students outcomes predominantly explore the various alternative to traditional open enrollment (school voucher, charter schools and magnet schools) that, increasing the degree of competition faced by local public schools, can improve both schools performance and students' opportunities (Hoxby, 1994 (Hoxby, , 2000 (Hoxby, , 2003c Gibbons et al. 2008) . A necessary condition for these forms of choice to improve students' outcomes is that those gaining access to desirable schools better experience academic performance than they otherwise would.
The existing literature on the relationship between school choice and students achievement mainly comes from contexts in which competition is induced by private schools.
Most of studies evaluate the competition effects of private school enrollment and performance relative to public schools Epple and Romano, 1998) showing that an increase in school choice is related with more efficient public schools, a greater sorting of students by ability and positive peer effects. However, evidence focusing on the impact of school choice according to student ability participating at the program is mixed. The impact of school competition depends on which students take advantage of the choice. From this perspective, Epple and Romano (1998) find that educational benefits seem to be quite unequal: disadvantaged students benefit disproportionately from this educational mechanism since those who participate are both more able and more advantaged. In particular, it emerges that typically only a small percentage of students take benefit of school choice and that these students tend to be characterized by better socio-economic background (Coleman et al., 1993; Lankford et al., 1995; Buddin et al., 1998; Goldhaber et al., 1999) .
Another stream of research exploits randomized voucher lotteries, offered to a limited number of low-income students, to study the direct effects of attending private schools. Voucher recipients are selected from a pool of eligible applicants by a random lottery and successful applicants carry with them the coupon to the school of their choice. Unclear results have been reached also on this stream of literature: whereas some studies do not find improvement in achievement for voucher students (Witte et al., 1995; Green et al. 1997; Witte, 1998; Rouse, 1998) , other researches find evidence of a positive impact of the voucher program on students' performance (Cullen et al., 2003; Cullen et al., 2005; Angrist et al., 2002; Hoxby, 2003) .
Specifically Cullen et al. (2003) and Cullen et al. (2005) , using evidence from the lotteries used to allocate students to oversubscribed schools in the Chicago state school system, show that students assigned randomly into supposedly better high-schools experience modest advantage in terms of academic benefit. Moreover, Angrist et al. (2002) using evidence from a Colombia's program providing vouchers to low-income families, find that lottery winners benefit from higher educational attainment and reduced grade repetition. Also, according to the findings of Hoxby (2003) , students achievement generally rises when they attend voucher or charter schools. As a consequence, since public schools respond to the threat of losing students who use vouchers to attend private schools, the average school quality across both sectors rises in response to an increase in competition.
As regards competition among public schools, Hoxby (2000 and 2006, among others) , exploits variation in the number of school districts across US metropolitan areas to investigate the impact of inter-district choice. She shows that greater choice among public schools leads to greater productivity of these schools, both in terms of better students' educational attainment and lower expenditure per student.
The Italian educational literature, analyzing the determinants of students' performance, is still in its infancy and mainly focused on the role of family background and on school level peer effects affecting students' performance in PISA test scores (Checchi 2004 ) and on the causes of the existence of regional disparities in secondary students' outcomes (Checchi, 2004; Tramonte, 2004; Bratti, Checchi, Filippin, 2007; Montanaro, 2007) .
The current paper contributes to investigate the effects of local school competition on students' performance (focusing on the Italian public school system). The degree of competition is based on the number of schools available for students in a given neighbourhood. Even though public schools are almost free and serve students from both low and high-income families, they enjoy vary degrees of market power that may increase the quality of schools. In a public, free and compulsory educational system as the Italian one, the mechanism through which local school competition influences school quality can be explained by the fact that public funds assigned to each school are related to the number of students enrolled in the school. Therefore, schools offering a lower quality than others bear high costs since the lower the number of students in these schools is, the smaller are the public resources devoted to them. Thereby public schools with a declining number of students enrolled face the threat of shutting down and its teaching staff reassigned to different schools, even in a different geographical area.
The aim of this study is to investigate whether the degree of competition existing among Italian public schools in a given area improves students' performance as measured by their secondary educational test scores. As far as we know, there are no other studies on the effects of schools competition on students achievement in Italy.
We use the third cycle of the Survey Programme for International Student Assessment (hereafter indicated as PISA), that is a three-yearly survey of the knowledge and skills of 15-year-olds. It is the product of collaboration among participating countries through the Organisation for Economic Co-operation and Development (OECD), and draws on leading international expertise to develop valid comparisons across countries and cultures. More than 400,000 students from 57 countries making up close to 90% of the world economy took part in PISA 2006. The main focus of the 2006 wave is on science but the assessment also includes reading and mathematics and the survey collects data on student's attitudes, family background, school characteristics and institutional factors.
PISA target population is defined in terms of age (15 years old students) and not in terms of grade level. The survey does not focus on curricular competences but on knowledge and skills that can be used in every day life, helping the individual to fulfil his/her potential in the "knowledge society".
The comprehensiveness of PISA dataset allows researchers to include a number of variables that reduces the potential bias due to the omission of relevant variables typical of this type of studies. To analyze the effect of school choice that is, the degree of competition among schools available to students in a given area, on student's scholastic achievement, we estimate a number of simple Least Squares Regression models controlling for a wide range of individual characteristics, family background and school variables aiming at reducing the potential bias due to the omitted variable. The indicator we use to investigate the degree of competition among schools is based on the reported number of schools of a given type available to students in a given area.
Our main result is that students in secondary schools with a wide range of school choice in a given neighbourhood get benefits from the availability of school choice, achieving better academic outcomes than those living in areas with no nearby schools. Moreover, it emerges that students' performance is particularly high in contexts in which a high degree of school competition is combined with parents placing very high pressure on school to set higher academic standards.
As expected, we also find the existence of regional disparities in students' performance across Italian macro-area: students living in the Centre, South or Islands perform much worse than those in North-Western Italy. Additionally, the size of the city in which a student lives, capturing different socio-economic and cultural background, significantly affects his/her achievement: test scores of students living in large cities and metropolitan areas are significantly better than those attending schools located in small towns. Moreover, students attending scientific and technical schools perform better than professional schools. Females have lower achievement compared to males. It emerges a positive correlation between students' performance and household's socio-economic background.
The paper is organized as follows. Section 2 describes the PISA dataset we use and gives some descriptive statistics. Section 3 reports and discusses several specifications analyzing the effects of school competition on students' academic outcomes. Section 4 concludes.
The Data
The data source we use for our empirical analysis is the survey on the Programme International Student Assessment (PISA) developed every 3 years by the Organization for Economic Cooperation and Development (OECD). PISA is a system of international assessments focusing on 15-year-olds' capabilities in reading literacy, mathematics literacy, and science literacy. Each country includes assessments of all three subjects, but assesses one of the subjects in depth. We use in this paper the third wave of PISA which refers to data collected in 2006 mainly focused on measuring performance on science literacy. The PISA contains a rich set of information on students', parents' and schools characteristics 1 . The latter are collected through a questionnaire completed by school principals.
The Italian sample includes 21,773 students at the age of 15 tested in 806 schools. It is stratified for macro-geographical areas (North West, North East, Centre, South and Island) and for type of secondary schools attended (Lyceums, Technical schools and Vocational institutes).
We define the dependent variable, Test Scores, as the mean of students' performance in the fields of Reading, Mathematics and Science.
The question we use to define our variable of interest as judged by schools principals is the following: "Which of the following statements best describe the schooling available to students in your location?" The possible answers are listed below: 1) there are two or more other schools in this area that compete for our students; 2) there is one other school in this area that competes for our students; 3) there are no other schools in this area that compete for our students. Using this question, we define two dummy variables: 1) competition coming from two or more schools and 2) competition with another school (the omitted category is absence of competition).
In an important number of cases, information on parents' and schools backgrounds are missing values. Our final sample includes 18,265 observations. parents press on school to achieve higher academic standards and ormal Pressure coming from a minority of parents, whereas Absence of Parents Pressure is the reference category.
About 20% of parents places very high pressure on school to set higher academic standard while 23% of them does not exert any pressure on school. Females make up 50% of the sample. Students mainly came from three different types of high schools: Lyceums (about 40%), Technical (32%) and Vocational/Other schools (about 28%) 2 .
The average number of hours studied per week is 12.86.
Students living in the North-West constitute 23% of the population, those residing in the North-East are 39% while 4% lives in the Centre, 14% in the South and 20% on the Islands 3 .
Schools are located in five different types of community: village or rural area (below 3,000 inhabitants) that make up 2.4% of the sample, small town with 3,000 to about 15,000 inhabitants (24%), town with 15,000 to about 100,000 inhabitants (49%), city with 15,000 to about 100,000 inhabitants (21%) and large city with over 1,000,000 inhabitants (4.2%).
Education of parents represents the number of years of schooling. It is set at 0 for no educational qualification; 5 for elementary school; 8 for middle school; 11 for some high school; 13 for high school; 18 for university. The average number of years of parents schooling in the sample is 12. Nearly 33% of families has 26-100 books, 17% has 11-25 books and 8% has less than 10 books.
An Empirical Analysis of the Relationship between School Competition and Student Achievement
In this Section in order to analyze the relationship between students' academic achievement and the degree of competition among schools, we estimate a number of Least Square Regressions.
We adopt an "incremental" approach by estimating different specifications in which we progressively add new control variables.
Our estimates are based on the following educational production function:
( Results of our estimations are reported in Table 2 . In the second part of the analysis (Table 3) , to better evaluate our findings we show further specifications in which we separately use Mathematics, Reading and Science literacy scores as dependent variables instead of the mean of the three fields. In all equations sample weights provided in the PISA dataset are used.
The reported standard errors are robust to the heteroskedasticity and corrected for the potential clustering of the residual at the school level.
In order to evaluate whether an increase in school competition improves students' performance, we use the two dummy variables capturing the degree of competition for each school as judged by the school principals: 1) competition coming from two schools or more; 2) competition with one other school (absence of competition represents the reference category). Column (1) shows the estimated coefficients in a model in which we only use individual characteristics, macro-geographical variables and city size dummies.
The main findings are as follows. Estimation results show that the presence of two or more other schools that compete for students in a given area produce an increase of student test scores, implying that in an area with more intense competition, students increase their performance of about 4.3 points. The coefficient is significant at the 5% level. This finding suggests that a greater degree of competition among schools, implying a larger choice amongst potential students, may raise schools productivity through an increase in teachers' effort and school efficiency. As a consequence, students tend to perform better if they are enrolled in schools that serve more competitive markets. However, it seems that the competition with another school is not sufficient to increase student's performance, in fact the coefficient is not significantly different from the reference category. In this case the competition threat associated with one extra school available to students is weaker.
Controlling for individual factors it emerges that female students have lower educational achievements. The difference with respect to male students amounts to about 11 points. This difference changes only slightly in the specifications including further controls.
Additionally, students attending a Lyceum (Scientific and Humanities High schools) perform much better (99.94) than those coming from Vocational and Other schools (reference group).
Besides, students attending Technical schools perform better than those in Vocational schools even if the impact on test scores is not as strong as those of students in Scientific/Humanities schools (58.35). The advantage of students attending Lyceum may capture both an effect of students' ability or family socio economic conditions (typically, Italian students with better family background enrol in Lyceum). The variables related to students' socio-economic background will be discussed afterwards.
In column (1) we also include a variable accounting for the total hours spent per week in self study. It is derived from students' reports on the amount of time they devote to do their homework on Reading, Mathematics, Science and in other subjects. One more hour devoted to self study leads to a better students' performance (1.16 points), significantly at the 1% level.
Since our measure of competition may also capture urban density, exploiting the available data that are rich in geographical details, we also control for macro-regional dummies and for the size of the cities. In particular, geographical dummy variables may capture broader socio-economic conditions of different regional labour markets. Individuals living in areas with a bad functioning labour market (South and Islands in Italy) experience higher unemployment rate. The presence of this factor and the distortions affecting labour markets (see De Paola and Scoppa, 2007) may discourage students to invest in human capital. As expected, the coefficients on the macro-area dummies (South and Islands) show a huge negative sign. Students living in the South perform about 64 points worse compared to the North-West (reference category), while even worse educational achievements are obtained by students in Islands (-73.65 ). On the other hand, it is interesting to note that the performance of students in North-East Italy is by far the highest (+15.77) one. All coefficients are significant at the 1% level and the magnitude remains almost the same across the different specifications. Given the centralised structure of the Italian educational system, the presence of these large geographical differences across macro-areas in student achievements is particularly striking.
In column (1) we also add as control variables City Size dummies to take into account the fact that larger cities tend to be associated with a greater endowment of human capital and, as a consequence, more prone to generate externalities favouring the accumulation of skills. All coefficients of city-size dummies show positive and significant effects on students' performance (the reference category is Small town with 3,000 or less inhabitants). Test Scores of students attending schools located in town, cities, large cities and metropolitan areas differ significantly from the performance of students attending schools located in villages. Living in a city (100,000-1,000,000 inhabitants) increases the educational achievement by 25.14 points compared to the reference category. The finding of a considerable positive effect is stronger in metropolitan areas (equal to 29.73) even if it is plausible to think that in small towns a limited number of schools is available whereas in large cities students are able to choose from a wide range of schools. Therefore, it is difficult to attribute the effect of large cities on student's performance to the degree of competition, since small and large cities differ for a number of contextual and socio-economic factors.
In model (2) of Table 2 we take into account some school characteristics. Students attending private schools show worse performance than those in public schools. The effect is huge (being student in a private school reduces educational achievement of 32.76 points) and significant at the 1 percent level. The finding can be illustrated in terms of characteristics of private schools in Italy, perceived as remedial schools for low skilled students from more advantaged social background (see Brunello and Rocco, 2008) .
In addition, it emerges that students enrolled at schools with larger size have better educational achievements (an increase of 100 in the school size improves students' tests scores of 0.9 points). The coefficient is significant at the 1 percent level. However, this effect should be interpreted with caution since it could represent the presence of an inverse causality relationship among school size and student's performance due to the fact that schools of better quality attract students.
In column (2) we also include two dummy variables: Very High Parents' Pressure and ormal Parents' Pressure, taking into account the pressure of parents on school with regards to academic standards. From our analysis it emerges that both coefficients of Parental pressure improve students' performance. The positive coefficient indicates that in a context in which parents place very high pressure on school to set a higher academic standard, students test scores significantly increase by 7.72 points compared to the reference category (Absence of Parents Pressure). Similarly, pressure coming from a minority of parents on school has a positive effect on students test scores (4.74 points). Both coefficients are significant at the 1 percent level. Since parental pressure on academic standard increases student's performance, in column (3), we interact the dummy Very High Parent Pressure with our variable of interest (Competition with two or more schools). Results show that in contexts in which schools operate in more competitive markets and also parents put pressure on school to set a higher academic standard, students achievement significantly increases. Therefore, the degree of competition is particularly useful when parents are interested in their children education.
In the last specification (column 4) we include several controls for family background.
It is common that students with better socio economic background tend to have better educational resources and obtain higher academic outcomes. In fact, in our analysis the educational level (in years) achieved by students' parents is strongly positively related to the students' educational performance. 4 Besides, the dummy variables accounting for parental occupational conditions (White collar/Blue collar classification) have a strong and highly significant effect on student's performance (the base category is father/mother not employed).
As expected, the household possessions, derived from students' reports on the availability of resources in their home (for example a quiet place where to study, a desk to study, number of software, Internet connection, classic literature, books of poetry, a dishwasher, DVD or VCR player etc.) have a positive effect on students' performance. The coefficient is statistically significant at the 1% level 5 . 4 To take into account human capital externalities among peers, we have also included in the analysis the average years of schooling of parents of all the students enrolled at the school but the coefficient does not turn out as a significant determinant of students test scores (not reported). Finally, it emerges that the cultural capital measured by the number of books at family home, is positively associated with student test scores. The dummy variables accounting for the number of books at the student's home are five. 6 An increase in the number of books is associated with better students' performance. Students having more than 500 books at family home achieve much better academic outcomes (35.15 points) than those who have lower books availability at home (0-10 books (reference category)).
Notwithstanding the fact that, in the latter specifications, we are controlling for a host of factors which are correlated with student educational attainment, we find evidence that attendance at a school that faces more competition improves student achievement. In particular, the competition threat associated with two or more extra schools available to students in a given area, increases students test scores of about 5.5 points, significantly at the 1 percent level. A possible interpretation of this finding is that a greater degree of school competition, leading to a greater choice amongst potential students, also tends to improve schools productivity in terms of efficiency and, as a consequence, students educational achievement.
To better evaluate our findings we show in Table 3 further specifications in which we separately use Mathematics, Reading and Science literacy scores as dependent variables instead of Test Scores. In these specifications we consider all the variables entered in the model 4 of Table 2 to study the relationship between student's academic performance (respectively in Mathematics, Reading and Science) and the degree of competition among schools. As regards our variable of interest, the estimated effect of the degree of competition between two or more schools increases the performance of students on Mathematics and
Readings subjects of about 6.96 and 7.07 points respectively (significantly at the 1 percent level). However, the existence of this intense competition among schools does not appear to be a relevant determinant of students test score in Science literacy. Moreover, it emerges that competition with another school does not significantly differ from the reference category (Absence of Competition).
Some of the estimated coefficients change in size but they are broadly similar to previous specifications. The coefficients of city-size dummies show positive and significant effects on students achievement in Mathematics, in Reading and in Science. Students attending schools located in a city (100,000-1,000,000 inhabitants) perform in Mathematics about 46 points (38 and 39 points in Reading and Science) better than those attending schools located in villages (the reference category). The effect of a considerable positive effect is stronger for students living in metropolitan areas (equal to 60, 42 and 41 points respectively).
Concluding Remarks
In this study we have attempted to explore the effects of schools competition on the test scores of 15 years old students in Italy as reported in the PISA 2006 survey. Specifically, we have investigated if secondary school students with a wider range of school choices perform better than those whose choice is more limited. Thereby, we have used the number of schools available to students in a local area to gauge the degree of competition.
Controlling for a wide range of individual and school characteristics, our results show a positive association between the degree of school competition and student academic performance: students enrolled in schools operating in more competitive environments (two or more other schools in a given area that compete for students) achieve better performance than those who have less choice (since there are no other schools competing in the area or competition is limited to only another school). This aspect appears to be mainly relevant for students' performance in Mathematics and Reading subjects. Although, the Italian educational system is public and free, competition among schools improves students' performance. The mechanism through which local school competition influences school quality can be explained by the fact that public funds are related to the number of students enrolled in a given school.
Thereby, schools offering a lower educational quality compared to others lose students and with a lower number of students enrolled, they obtain a smaller percentage of public funds.
Furthermore, from our analysis it appears that students achievement increases if schools operating in more competitive markets also bear a higher pressure coming from parents with regards to academic standards.
As regards other relevant findings of our investigation, it emerges that students in Southern Italy perform significantly worse than those in the North. A possible cause of this result may be due to the presence of distortions affecting labour market that may discourage students to invest in effective skills. Moreover, the performance of students living in cities and metropolitan areas are significantly better than those attending schools located in small towns.
Perhaps, this result is also due to the fact that students attending school in larger cities get benefit from the availability of school choice, achieve better academic outcomes than those who live in areas with no nearby schools. However, other explanations cannot be excluded since larger cities are also endowed with better human capital and with better resources for educational purposes.
In accordance with the existing literature, we also find support by the fact that family background such as parents' education, parental occupational status and home possessions related to both family wealth and culture capital are positively correlated with students' performance.
From a policy perspective, the findings that students tend to do better if they are enrolled in schools operating in more competitive contexts highlight the general effectiveness in terms of allocative efficiency in the use of resources. Thereby, implementing systematic competition within local public schools promotes the quality of education and improves student outcomes, constituting an efficient form of discipline for low quality neighbourhood schools.
With greater choice, students may be able to enrol at a school that better suits their preferences and schools tend to improve their productivity since if they are not efficient they risk to lose students and public funds.
